Infl ammatory bowel disease (IBD) and irritable bowel syndrome (IBS) are chronic gastrointestinal (GI) syndromes in which both GI and psychological symptoms have been shown to negatively impact health-related quality of life (HRQOL). The objective of this study was to use structural equation modeling (SEM) to characterize the interrelationships among HRQOL, GI, and psychological symptoms to improve our understanding of the illness processes in both conditions.
INTRODUCTION
Infl ammatory bowel disease (IBD) and irritable bowel syndrome (IBS) are both chronic syndromes, which are associated with fl uctuating gastrointestinal (GI) symptoms, altered bowel habits, and a signifi cant impact on a patient ' s health-related quality of life (HRQOL) ( 1 ) . Th e syndromes diff er in the etiology of symptoms, with those in IBD patients, resulting from objective mucosal infl ammation, while generally accepted infl ammatory, biochemical, or structural abnormalities, which have a causative role in symptoms have not been consistently identifi ed in IBS.
Th e literature suggests that both GI symptom severity and psychological factors are related to HRQOL in IBS and IBD ( 2 -4 ) . A recent systematic review of the HRQOL literature in IBS concluded that there was good evidence of a signifi cant decrement in HRQOL in IBS patients, which was associated with greater GI symptom severity, but not predominant bowel habit ( 5 ) . Also, HRQOL in IBS patients was associated with the presence of extraintestinal symptoms such as fatigue, poor sexual function, and ineff ective coping styles, independent of GI symptoms ( 6, 7 ) . A signifi cant number of IBS patients have overlapping psychiatric disorders, such as aff ective disorders, somatization disorders, and anxiety ( 8, 9 ) .
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Th e clinical course of IBD is highly variable across individuals with disease activity that may fl uctuate between remission and fl aring ( 10 ) . Even during periods of minimally active infl ammation, IBD patients have impaired HRQOL ( 10 ) . Increased fatigue ( 11 ) , psychological factors ( 2 ) , presence of IBS-like symptoms ( 12 ) , and mood disorders ( 12 ) have been hypothesized to have a role in maintaining impaired HRQOL in patients with quiescent disease. In terms of disease severity, IBD patients with active disease tend to have lower psychological well-being, less perceived control over symptoms, and higher distress, resulting in poorer HRQOL compared with IBD patients with non-active disease ( 13 ) . In a study that compared HRQOL in IBD and IBS, IBD patients tend to express fair-to-poor general physical well-being, while IBS patients tend to report poorer mental health in HRQOL assessment ( 14 ) . While both GI and psychological symptoms impact HRQOL in IBS and IBD, an appropriate model for describing these relationships has not been determined. Quantifying this relationship may help improve our understanding of the illness processes in IBD and IBS, which may ultimately result in more eff ective management of disease symptoms and psychological factors and improvement of overall well-being.
In the current study, we aimed to (i) test explicit models of how GI symptom severity, psychological symptoms, and HRQOL interact; (ii) utilize the statistical approach of structural equation modeling (SEM), which allows for simultaneous development of summary factors that improve the measurement of each primary construct (psychological distress, symptom severity, and HRQOL) that is being tested in the hypothesized models; and (iii) include both IBS and IBD patients to allow comparison of the relationships across these populations. Using SEM, we tested the following hypotheses: (i) both GI symptom severity and degree of psychological distress are directly associated with impaired HRQOL in IBS and IBD; (ii) GI symptom severity indirectly impacts HRQOL through its association with increased psychological distress; and (iii) GI symptom severity will have a stronger direct association with HRQOL in IBD patients, and psychological distress will be more important in IBS.
METHODS
Participants
Subjects with a diagnosis of IBS or IBD who were invited to participate in this study were ambulatory adults, age 18 years or older who were seen at either the UCLA (University of California, Los Angeles) Digestive Disease Center, Harbor-UCLA Medical Center or the University of Manitoba IBD Clinical and Research Centre in Manitoba, Canada. In addition, IBS patients were recruited in Los Angeles through advertisements in local newspapers. Individuals excluded from participation were those unable to read and understand English or those refusing to provide written informed consent. IBS was diagnosed using the Rome I criteria ( 15 ) and was confi rmed by one of the three gastroenterologists who specialize in functional bowel disorders. IBD patients were diagnosed with either ulcerative colitis (UC) or Crohn ' s disease (CD) by one of the investigators by the usual clinical, endoscopic, and radiologic criteria.
Measures / instruments
All patients completed a bowel symptom questionnaire, a psychological symptom questionnaire (SCL-90R) ( 16 ) and a quality of life questionnaire (SF-36) ( 17 ) .
Bowel symptom questionnaire . In addition to recording age and marital status, the questionnaire included separate questions regarding the intensity of recent overall GI symptoms over the past week (rated on a 0 -20 numerical scale anchored by " no symptoms " and " most intense symptoms imaginable " ), the intensity of GI pain over the past week on a similar 21-point scale, the usual frequency of symptoms (a fi ve-point scale rating of symptoms occurring from " < once per month " to " daily " ), and usual symptom severity (a fi ve-level scale from " none " to " very severe " ).
Psychological distress / symptom questionnaire . Current psychological distress and symptoms were assessed using the SCL-90R symptom checklist ( 16 ) , which assesses acute psychological symptom severity in a variety of domains. Th e following scales were chosen a priori for inclusion in the present study due to their associations with IBS: phobic anxiety, depression, interpersonal sensitivity, obsessive-compulsive, and somatization ( 18, 19 ) . Th e raw scores were converted to standard T scores, on a 0 -100 scale, using the gender stratifi ed non-psychiatric patient normative group (SCL-90R) ( 16 ) .
Health-related quality of life . HRQOL was assessed using the SF-36 checklist, which assesses health status in a variety of functional areas. Th e SF-36 is a generic measure and was chosen because unlike the disease-specifi c measures used for IBS and IBD, it is valid for both illness populations. For the purpose of this analysis, four scales representing illness impact on physical functioning (physical functioning and role physical) and social / emotional functioning (social functioning and role emotional) were chosen a priori . Th e raw scores were converted to a 0 -100 scale scores as recommended by the scale manual ( 17 ) .
Statistical analyses
Initial analyses compared the two patient samples on demographic and clinical variables using t -tests or χ 2 tests. SEM, employing AMOS 4.01 ( 20 ) , was used as the primary method for examining the relationships among the multiple measures of symptoms, psychological distress, and HRQOL. Applying the methods recommended by Kline ( 21 ) , the analysis preceded in two stages. Th e fi rst stage (confi rmatory factor analysis) was used to determine how well the individual scales of each category could be combined to represent the three primary constructs of GI symptom severity, psychological distress, and HRQOL. Th e second stage (structural modeling) examined the relationships among these constructs and tested specifi c hypotheses regarding similarities and diff erences across IBD and IBS.
Confi rmatory factor analysis . Th e confi rmatory factor analytic component of SEM derives the statistically strongest weighting combination of the individual variables in each category to form a
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Factors Mediating HRQOL in IBS and IBD latent variable (GI symptoms, psychological distress, or HRQOL) for use in the structural modeling. Confi rmatory factor analytic models were applied and tested in a stepwise manner for each of the three latent variables separately within the IBS sample. First, individual parameters within each of the construct models (e.g., factor loadings) were evaluated for signifi cance at the P < 0.05 level. Minor adjustments were applied to the models to arrive at a fi nal factor structure for each of the three constructs. To test the similarity of the factor structure found in the IBS sample to that in the IBD patients, multi-group modeling procedures were used. Th is procedure applied the paths and parameters derived within the IBS group to the observed measurements within IBD patients.
Model testing was conducted and tested using goodness-of-fi t tests ( 22 ) . A better fi t would suggest that the relative importance of the scales within each construct or latent variable were equivalent for both IBS and IBD patients.
Structural modeling . Aft er establishing the underlying structure of the latent constructs, a hierarchical structural modeling strategy ( 21 ) was used to test hypothesized relationships among the constructs for both groups. In total, four path models were run for the IBS and IBD samples; each model intending to serve either as a reference point for evaluating other models, or as a test of a specifi c hypothesis regarding the relationship between GI symptoms, psychological distress, and HRQOL. Th e overall objective of the modeling was to develop a relatively parsimonious representation of the information that would maximize the model fi t while judiciously utilizing available degrees of freedom.
Model 1: " All Path " model. In this model, both GI symptoms and psychological distress were hypothesized to have a direct eff ect on HRQOL. Further, GI symptoms were also hypothesized to have an indirect eff ect on HRQOL that operates through its impact on psychological distress. Th e model was evaluated for both IBS and IBD patients separately, and since it contains all the paths of interest it served as the reference model for testing alternative hypotheses.
Model 2: No impact of psychological distress on HRQOL.
A more restrictive version of model 1 was tested if GI symptoms had a direct eff ect on HRQOL (and psychological symptoms) while psychological distress did not. Th is model was constructed by constraining the path between psychological symptoms and HRQOL to 0 for both IBS and IBD patients, and comparing the diff erence in goodness-of-fi t to that found in model 1.
Model 3: No impact of GI symptoms on HRQOL.
Th is alternative to model 1 constrained the direct path from GI symptoms to HRQOL to 0 and tested the hypothesis that while psychological distress may directly impact HRQOL, GI symptoms do not, and any eff ects that symptoms may have on HRQOL are indirect through psychological distress.
Model 4: Equivalence of structural relationships in IBS and IBD. As a more constrained and parsimonious version of model 1, this model tested the hypothesis that the structural relationships observed between GI symptoms, HRQOL, and psychological distress operate in a similar manner in patients with IBS and those with IBD.
All models were estimated using the Maximum Likelihood method. Since quality of the fi t of SEM models are known to be aff ected by sample size, multiple model fi t indicators were assessed including χ 2 , the ratio of the χ 2 to degrees of freedom (CMIN / DF) ( 22 ) , the normed fi t index (NFI) method ( 22 ) , and P -ratio. For the ratio of χ 2 to degrees of freedom index, a value of < 4.0 is generally considered to represent a reasonable model fi t to the data. For the NFI, which ranges from 0 to 1.0, values > 0.9 represent reasonable structural representations of the data. Models 1 -4 represent " nested " or " hierarchical " models. It was possible to statistically evaluate each of the nested, more restrictive models against the broader models to determine the relative impact of either eliminating relationships or assuming relationships were equivalent. In those instances, the alternative models were evaluated for improvement (or decrement) in fi t by examining the χ 2 diff erence test ( 22 ) . Finally, the relative strength of the coeffi cients in the full model containing all direct eff ects was evaluated to compare the relative impact of GI symptoms vs. psychological distress on HRQOL and group diff erences in this impact.
RESULTS
Clinical characteristics
Th e IBS group consisted of 564 patients who met Rome I diagnostic criteria ( 15 ) and in which the diagnosis of IBS was confi rmed by one of three gastroenterologists experienced in functional GI disease and by excluding organic disease. Th e IBD group consisted of 126 patients with either UC (39.3 % ) or CD (60.7 % ) who had been diagnosed by a gastroenterologist at the time of study entry. Demographic, symptom, psychological, and HRQOL variables for the IBS and IBD groups are shown in Table 1 . Significant demographic diff erences between the two groups included a higher mean age, proportion of women, and non-white population in the IBS group compared with IBD group. IBS patients reported greater overall symptom and pain severity, and symptom frequency than the IBD patients. However, the IBS and IBD groups did not diff er in disease duration, psychological symptoms, or HRQOL measures.
Confi rmatory factor analyses
Th e models used to separately develop the constructs representing psychological distress, GI symptoms, and HRQOL all resulted in an excellent fi t to the observed correlations. Further, the resultant factor structures were found to be equivalent in both the IBS and IBD samples. Table 2 summarizes each of the model fi t parameters and the overall model fi t.
To illustrate this process, Figure 1 shows in detail the fi nal model developed for the HRQOL construct. A single, common construct was found to underlie each of four scales of the SF-36. Factor loadings (0.60, 0.83, 0.55, and 0.74) were all statistically signifi cant and roughly equivalent in value. Error variances associated with some of the SF-36 scales were found to be moderately correlated, suggesting that the self-report format of questions had some shared method variance.
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Structural models
A summary of the models and associated goodness-of-fi t indices are presented in Table 3 . Model 1 ( " all path " model) included the direct paths and the indirect path from GI symptoms through psychological distress, and provided an excellent fi t to the data (the χ 2 and CMIN / DF were 435.9 and 3.46, respectively, and NFI was 0.925). Model 2, which hypothesizes that GI symptoms, but not psychological distress, was directly related to HRQOL showed a poor fi t to the data (CMIN / DF exceeded 5 and the NFI fell below the 0.9 threshold). Model 3, which hypothesized that psychological distress but not GI symptoms has a direct impact on HRQOL provided a reasonably good fi t to the data (the CMIN / DF was 3.85 and the NFI exceeded the threshold of 0.9). Th us, the tests of the two restrictive models (i.e., models 2 and 3) suggested a greater direct impact of psychological distress than GI symptom severity in predicting HRQOL. A test was then performed to directly compare each of these restrictive models with model 1, which incorporates direct eff ects of both GI symptoms and psychological distress on HRQOL. Th e χ 2 diff erence tests between model 1 and model 2 ( χ 2 diff erence 224.5, 2 df; P < 0.0001) and model 1 and model 3 ( χ 2 diff erence 57.1, 2 df; P < 0.0001) indicated a statistically signifi cant improvement of model 1 over model 2 and model 3. Th us, improvement in fi t was obtained when including both GI symptom severity and psychological symptoms as direct determinants of HRQOL.
Th e fi nal step in the model fi tting process was to determine whether the magnitude of the paths representing eff ects for model 1 are equivalent in IBD and IBS. Th is was evaluated by developing model 4 that sequentially constrained each of the three paths between GI symptoms, psychological distress, and HRQOL to be equal across the groups, and subsequently comparing the results to model 1 in which none of the paths was constrained to be equal. Of the three model 4 variations, only the one which posited that the impact of GI symptoms on psychological distress was equivalent in IBS and IBD showed deterioration in fi t to the data. Th us, it was concluded that the direct impact of GI symptoms and psychological distress on HRQOL is equivalent in both IBS and IBD; however, the relationship between GI symptoms and psychological distress varies. Figure 2 illustrates the structural components of the fi nal model. Statistical comparison of coeffi cients indicated that for both IBD and IBS, psychological distress had a much stronger direct eff ect on HRQOL ( − 0.51 and − 0.48 for IBS and IBD, respectively) than GI symptoms ( − 0.25 and − 0.28, respectively; P values < 0.05). Th e impact of GI symptoms on psychological distress, however, is signifi cantly stronger in IBD compared with IBS (0.43 vs. 0.22; P < 0.05). Th erefore, the indirect eff ect of GI symptoms on HRQOL operating through psychological distress is also signifi cantly diff erent between the IBS and IBD groups ( − 0.11 vs. − 0.21; P < 0.05), leading to a total eff ect of GI symptoms on HRQOL for IBS and IBD of − 0.36 and − 0.49, respectively. Th is suggests that symptoms have a larger overall eff ect on HRQOL in IBD patients than it does in IBS patients; virtually equivalent to the total eff ect of distress. 
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DISCUSSION
Although IBD and IBS diff er in that IBD is a chronic infl ammatory disorder of the gut with oft en serious complications, while the pathophysiology of IBS remains incompletely understood but by defi nition lacks evidence for structural, biochemical, or infl ammatory disease ( 23 ), GI and psychological symptoms negatively impact HRQOL in both disorders ( 2 -4,24 ) . Our study is the fi rst to use SEM to characterize the interrelationships among HRQOL, GI, and psychological symptoms in both disorders. By quantifying these relationships, our main objective was to improve our understanding of the illness processes in IBD and IBS, which may ultimately result in more eff ective management of disease-specifi c GI and psychological symptoms with improvement of overall HRQOL. We investigated three hypotheses. First, our hypothesis that both GI symptom severity and degree of psychological distress would be directly associated with impaired HRQOL in IBS and IBD was supported. Second, our hypothesis that GI symptom severity will also indirectly impact HRQOL through its association with increased psychological distress was confi rmed. Last, and in contrast to prevailing clinical dogma, our third hypothesis that 
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Factors Mediating HRQOL in IBS and IBD adulthood and therefore decrease the relative impact of current IBS symptoms on current psychological state. In IBD patients, there are much less data suggesting a role for early life psychological adversity, and more data showing physical risk and protective factors in IBD ( 38 -40 ) . However, it is important to note that few studies have systematically examined hypotheses of early psychological stress in IBD. A related issue is the clearly documented higher prevalence of psychiatric diagnoses such as major depression, anxiety disorder, and somatoform disorders in IBS patients, compared with that found in IBD ( 41 -43 ) . As with early life stress, this higher prevalence of comorbid psychiatric disorders in IBS may help explain the smaller infl uence of current GI symptoms on psychological distress since non-disease-related psychosocial factors may have a more signifi cant impact on current psychological functioning in IBS compared with IBD patients for whom their symptoms may be more of the primary stressor in their life. Nonetheless, it has been shown that IBD patients are more likely to have diagnoses of mood disorders long antedating their disease diagnosis compared with healthy population controls ( 44 ) . In addition, extraintestinal symptoms, such as fatigue, sleep disturbances, and sexual disturbances are commonly reported by IBS patients ( 45 ) and likely contribute to psychological distress, including somatization, independent of GI symptoms. Th ere were limitations to our study. We did not evaluate CD and UC separately, nor did we have biomarkers of IBD severity. It is questionable whether separating CD and UC would have made any diff erence in our study results as some previous studies show no diff erence in HRQOL and psychological distress between CD and UC ( 46 ) , while others do ( 47, 48 ) . Within the IBS group, we did not separate IBS by predominant bowel habit. However, we do not suspect IBS subclassifi cation would have changed the fi nal conclusions drastically as in a previous IBS study, GI and psychological symptom severity, and HRQOL did not diff er in subtypes ( 49 ) . Furthermore, we have previously shown that degree of psychological symptoms, and relationship between psychological symptoms and HRQOL did not vary greatly between IBS-C and IBS-D ( 50, 51 ) . Also, we did not test for current psychiatric diagnoses or chronicity of psychological symptoms in our two patient samples, which may have help explain the varied strength of correlation between GI and psychological symptoms. However, we assessed the presence of psychological symptoms with a validated questionnaire. Additionally, GI symptoms and HRQOL were not measured using disease-specifi c measures due to necessity of using a measure, which could be used in both illness groups. However, studies that used disease-specifi c instruments ( 52 ) found comparable associations between GI symptoms and HRQOL in both IBS and IBD ( 47, 52 ). An advantage of the generic HRQOL measure is that it did not include specifi c GI symptoms as is true of many of the disease-specifi c measures in IBS and IBD and therefore it enabled a clearer examination of the relationships among the constructs.
In summary, our analysis demonstrates the importance of interrelationships among GI symptoms, psychological distress, and HRQOL in both IBD and IBS populations. Th e overall pattern of relationships was similar across the two groups including an important role of psychological distress as a mediator of HRQOL changes from GI symptoms. Th ere was, however, a stronger GI symptom severity will have a stronger direct association with HRQOL in IBD patients, and psychological distress will be more important in IBS was not as strongly supported as both IBS and IBD demonstrated similar positive correlations.
In our study, both IBS and IBD patients demonstrated similar negative correlations between psychological symptoms and HRQOL and between GI symptoms and HRQOL. Th e key difference between IBS and IBD was that while both patient groups showed positive correlations between GI symptom burden and psychological distress, there was a substantially greater association in IBD compared with IBS. In IBD patients, there was a signifi cant indirect eff ect of GI symptom severity on HRQOL that was mediated by increased psychological distress. In contrast, there was less of a relationship between GI symptoms and psychological distress in IBS. Psychological distress was less dependent on GI symptom severity in IBS than IBD even though the degree that psychological distress impacted HRQOL was similar. Th ese results suggest that psychological distress is related to worsening GI symptoms in IBD patients and therefore may improve with relief of GI symptoms.
Our fi nding of worsening GI symptoms being associated with psychological stress in IBD is supported by previous studies ( 10,25 -27 ) . Th ese studies demonstrated a temporal relationship where psychological distress ( 10,25 -27 ) and acute life stressors ( 10, 27 ) or having high perceived stress ( 28 ) resulted in worsening of IBD symptoms and subsequently a disease fl are. While our study used a statistically weighted latent composite variable to measure general GI symptoms, several studies assessing IBD symptom severity with validated disease-specifi c tools have found a comparable association of psychological factors and GI symptoms. A potentially important issue in IBD is that disease-related concerns or fears about disabling consequences such as colectomy or ileostomy, or cancer, can impact severity and psychological distress and this may be especially true for more severe patients. Th is may be a more signifi cant factor in IBD patients due to the greater actual risk of serious consequences, although IBS patients also show signifi cant illness-related fears that are signifi cantly associated with global symptom ratings ( 29 ) . Overall, life stress and psychological symptoms appear to positively correlate with GI symptom severity in IBD.
Interestingly, we found that psychological distress is less dependent on GI symptom severity in IBS compared with IBD. Th is implies that in IBS, other factors unrelated to GI symptoms probably have a stronger role in determining distress. Th e IBS literature suggests several possible explanations for this fi nding. Th ere is an increased prevalence of psychiatric disorders in clinic patients with functional GI disorders (40 -70 % ), such as IBS, compared with healthy controls (20 % ) and patients with organic GI disease, including IBD (25 % ) ( 18, 30, 31 ) . Although the psychological disorders can occur at the same time as IBS, they oft en precede the onset, suggesting that they should not be considered as a response to IBS ( 18 ) . Early life risk factors for the development of IBS include various forms of childhood adversity, such as increased socioeconomic stress during childhood ( 32 ) , childhood physical and sexual abuse ( 15,33 -38 ) , low birth weight ( 39 ) , and poor parental relationships such as losing one parent through death ( 40 ) . Th is exposure to early life stress may result in persistence of childhood psychological distress into
positive correlation between GI symptoms and psychological distress in IBD than in IBS, suggesting that non-illness psychosocial variables may have a more signifi cant role in determining HRQOL in IBS vs. IBD. Th ese fi ndings have several implications on the management of these two conditions. For patients with IBD, the fi nding of a signifi cant role of psychological distress in determining HRQOL suggests that therapy directed at reducing intestinal infl ammation and GI symptoms may result in less psychological distress and improvement of HRQOL but that also interventions directed at psychological distress may have a signifi cant impact on HRQOL. In addition, if psychological distress remains high even with symptom improvement (for instance when there is a high degree of fear of relapse), then it would be expected that HRQOL would not improve. In IBS patients, our fi ndings suggest that a change in GI symptoms alone may not have the desired impact on HRQOL. Following the biopsychosocial model, treatment that addresses psychological distress both related and unrelated to current GI symptom severity are indicated in order to improve overall HRQOL.
